Recent studies have suggested that phytase enzymes may influence sodium (Na) metabolism in the chick. However, no studies have demonstrated that the dietary Na requirement itself is influenced by phytase supplementation. In the present study male broilers were fed diets with Na levels ranging from 0.10 to 0.28% using NaCl as the source of supplemental sodium. Diets were fed either without phytase or with 500 (1X), 1000 (2X), or 2000 (4X) FTU/kg of phytase. For 1X phytase the Ca and Nonphytate P (NPP) were reduced 0.10% each and 0.20% each for the 2X and 3X levels of phytase supplementation. The diets with 0.10% and 0.28% Na were blended to provide Na levels of 0.10, 0.13, 0.16, 0.19, 0.22, 0.25 and 0.28% Na. Aliquots of these diets were then supplemented with the 0, 1X, 2X and 4X levels of phytase in a 4 x 7 factorial arrangement of treatments, each of which was fed to six replicate pens of five male broilers in electrically heated battery brooders. Experimental diets and tap water were provided for ad libitum consumption from day of hatch to 18 d of age. At 16 d excreta samples from each pen were freeze dried to determine moisture, Ca and P content. At 18 d body weight and feed consumption were determined. Two birds per pen were killed by CO2 inhalation and tibias removed and subjected to bone breaking determination. Chicks fed diets with the different levels of phytase with diets adjusted for anticipated release of Ca and P did not differ significantly in BW, Feed Conversion (FCR), mortality, or fecal moisture content, indicating that the adjustments made for anticipated release of Ca and P was adequate in relation to these measurements. Sodium levels of the diet had significant effects on BW, FCR and fecal moisture. Fecal moisture increased with each level of sodium, so lower dietary levels would be beneficial in this regard. No significant effects on mortality were noted for sodium levels. No significant interactions were noted between sodium level and phytase supplementation for BW, FCR, fecal moisture, or mortality. Regression analyses suggested a sodium requirement of 0.21±0.02% for BW and 0.15±0.01% for FCR. Estimates of sodium requirement at different levels of phytase supplementation did not show any consistent effect of phytase supplementation on the sodium requirement for BW or FCR. Therefore there is no evidence that phytase supplementation will modifiy the dietary sodium requirement of the broiler chick.
INTRODUCTION
Exogenous phytase enzymes are known to release not only phosphorus bound by the phytase molecule but also other nutrients including calcium and amino acids (Cosgrove, 1966; Ravindran et al., 2006) . Recent work has indicated that phytase enzymes may also affect sodium metabolism (Cowieson et al., 2004; Ravindran et al., 2006; Selle et al., 2009 ). While sodium is not an expensive nutrient in itself, space in the diet is a premium. In addition, producers are concerned about litter moisture and excessive levels of sodium in the diet are not desirable from the standpoint of litter moisture. As the cost of phytase enzymes has been reduced in recent years coupled with a great increase in cost of phosphorus-rich supplements, there is great interest in using higher levels of phytase in broiler diets, as studies have demonstrated further improvements in P release as phytase levels increase (Shirley and Edwards, 2003) . Therefore this study was conducted to evaluate the use of a phytase enzyme fed at "normal" and "super" levels on the need for supplemental sodium in broiler diets.
MATERIALS AND METHODS Dietary treatments:
A corn-soybean meal diet adequate in all known nutrients (NRC, 1994) was used as the basal diet. By modification of the amounts of ground limestone, dicalcium phosphate, sodium chloride and washed builders sand the levels of sodium, calcium and nonphytate P (NPP) were modified. The changes in NPP were based on the assumption that P was released when phytase was used. Modifications were based on 0.10% for 1X usage, 0.15% for 2X usage and 0.20% for 4X usage of Quantum phytase, based on previous studies from our laboratory (Karimi et al., unpublished data) . The recommended usage rate of the phytase (Quantum Phytase 5000 XT; ABVista, Marlborough UK) is 500 FTU/kg. Calcium levels were reduced by 0.10% by the University of Arkansas Institutional Animal Care with 1X phytase usage and 0.20% with 2X and 4 X and Use Committee. phytase usage levels. Diets were then formulated to Measurements were made of pen body weight at one contain 0.03 and 0.30% Na. By blending the highest and and 18 d of age. Feed consumption during the period lowest Na levels within each phytase level, intermediate was determined. At 16 d of age excreta samples were levels of Na were obtained. The composition of the taken from each pen for determination of moisture formulated diets is shown in Table 1. content. Excreta samples were collected on aluminum The high and low sodium diets were blended within foil in an area relatively free from spilled feed or feathers. each series to provide the following estimated levels of The samples were immediately frozen and freeze dried sodium: 0.10, 0.13, 0.16, 0.19, 0.22, 0.25 and 0.28%.
to determine moisture content. The high and low diets This resulted in a total of 28 dietary treatments. Each of within each series were analyzed for crude protein, these was fed to 6 replicate pens of five male chicks calcium, total P and sodium. At the conclusion of the each, stratified across tiers in the battery brooder. The study two birds per pen were killed by CO2 inhalation test diets and tap water were provided for ad libitum and the tibia used for bone breaking studies. The tibias consumption.
were cleaned of adherent tissues and the Male chicks of a commercial broiler strain (Cobb 500) biomechanical strength of each bone was measured were obtained from a local hatchery where they had using an Instron 4502 material testing machine with a been vaccinated in ovo for Marek's disease and had 100 kg load cell (Instron Inc. 825 University Avenue, received vaccinations for Newcastle Disease and Norwood MA 02062-2643). The bones were held i n Infectious Bronchitis post hatch via a coarse spray. Five identical positions and the mid-diaphyseal diameter of chicks were assigned to each of 168 compartments in the bone at the site of impact was measured using a electrically heated battery brooders with wire floors. dial caliper. The maximum load at failure was Fluorescent lights provided 24 hr of light daily. Care and determined using a three-point flexural bend fixture with management of the birds followed recommended a total distance of 30 mm between the two lower guidelines (FASS, 2010) . All procedures were approved supporting ends. The load, defined as force in kilograms per square millimeter of cross-sectional area (kilograms per square millimeter), represents bone strength. The rate of loading was kept constant at 20 mm/min collecting 10 data points per second. The data were automatically calculated using Instron Series I X Software. Pen means served as the experimental unit for statistical analysis. Data were subjected to ANOVA using the General Linear Models procedure of the SAS Institute (1991) . The data were analyzed as a factorial arrangement of treatments with four phytase levels and seven sodium levels as main effects along with their interaction. When significant differences among treatments were found, means were separated using repeated t-tests using the LSMEANS option of the GLM procedure. Mortality data were transformed to prior to analysis; data are presented as natural numbers.
Within each level of supplemental phytase analyses were conducted to estimate the sodium needs for BW, FCR, tibia diameter and tibia breaking force. Nonlinear regression analysis was conducted using the PROC LIN procedure of SAS (SAS Institute, 1991) and incorporating the SAS macro of Robbins (1986) . The requirement was established as the inflection point of the one-slope regression model (Robbins et al., 1979; Yu and Morris, 1999; Waldroup et al., 2000) .
RESULTS AND DISCUSSION
The effects of different levels of phytase and sodium on live performance and fecal moisture content of broilers are shown in Table 2 . Chicks fed diets with the different levels of phytase with diets adjusted for anticipated release of Ca and P did not differ significantly in BW, Feed Conversion (FCR), mortality, or fecal moisture content. This indicates that the adjustments made for anticipated release of Ca and P was adequate i n relation to these measurements. Sodium levels of the diet had significant effects on BW, FCR and fecal moisture. Fecal moisture increased with each level of sodium, so lower dietary levels would be beneficial in this regard. No significant effects on mortality were noted for sodium levels. No significant interactions were noted between sodium level and phytase supplementation for BW, FCR, fecal moisture, or mortality. Regression analyses suggested a sodium requirement o f 0.21±0.02% for BW and 0.15±0.01% for FCR (Table 3) . Estimates of sodium requirement at different levels of phytase supplementation did not show any consistent effect of phytase supplementation on the sodium requirement for BW or FCR. The effects of different levels of phytase and sodium on among chicks fed the various levels of phytase, none of bone strength and mineral excretion are shown in Table the treatments differed significantly from that of chicks 4. Chicks fed diets with the different levels of phytase fed the positive control diet with NRC (1994) with diets adjusted for anticipated release of Ca and P recommended levels of Ca and NPP. This indicates that had no significant effect on tibia diameter. Although the adjustments made for anticipated release of Ca and significant differences were observed in tibia break force P was adequate in relation to these measurements. As would be expected, the levels of both fecal Ca and P on tibia diameter of broilers fed diets with calcium decreased significantly as the level of phytase and phosphorus levels adjusted for anticipated supplementation increased, since diets were reduced in release by phytase both NPP and Ca with the addition of phytase. The level of fecal sodium decreased significantly as the level of levels were highest in chicks fed sodium levels ranging phytase supplementation increased. This suggests from 0.10-0.16% and dropped significantly at higher some interaction between sodium and phytase during sodium levels. metabolism of sodium.
Significant interactions were noted between dietary Dietary sodium levels significantly increased tibia sodium levels and phytase supplementation levels for diameter and tibia break force (Table 4 ). Regression tibia diameter and break force and for fecal Ca and Na analysis did not find a sharp breakpoint for tibia levels (Table 4 ). None of these interactions are clear-cut, diameter, but it appeared that diameter increased however. For tibia diameter (Fig. 2) , chicks fed diets with continually over the range of sodium levels. Regression 2X and 4X levels of phytase tended to have reduced tibia analysis indicated an estimate of 0.15±0.01% sodium diameter at the very lowest level of sodium, but equal or for tibia break force, but visual evaluation of the greater tibia diameter at other levels of sodium. Similar response suggested continual improvements over the results were observed for tibia break force (Fig. 3) . At the range of sodium levels (Fig. 1) .
lowest level of sodium, chicks fed the diets with 2X and As would be expected, the fecal Na content increased as 4X phytase tended to have reduced bone strength that the dietary sodium levels increased (Table 4 ). There was not apparent at higher levels of sodium. These two were significant differences among chicks fed the interactions suggest a possible influence of phytase on different sodium levels for fecal Ca and P levels. It sodium metabolism in the bird that was not observable appeared that the primary differences in fecal P were at sodium levels at or near the requirement for body between chicks fed the lowest level of sodium and those weight or FCR. fed higher levels, with little indication of difference
The interactions between dietary sodium levels and between chicks fed diets with 0.13% or greater. Fecal Ca phytase supplementation levels on fecal Ca content and (1983) , typically involved a factorial arrangement and phosphorus levels adjusted for anticipated including levels of Ca, P and Na with limited number of release by phytase dietary treatments and usually were more concerned fecal sodium content is more difficult to ascertain. For P metabolism. The levels used in the present study fecal Ca (Fig. 4) , it would appear that there was a greater were more similar to those used by Egwuatu et al. reduction in fecal Ca output related to phytase (1983) in that they explored the effects of Na levels that supplementation, compared to the control diet, when the were near the minimum requirements for BW and diets contained higher levels of sodium. For fecal Na FCR. The data from the present study suggest that the (Fig. 5) , there was no clear pattern of variation dietary Na level influences bone mineralization and associated with levels of sodium and phytase growth, in agreement with the report of Egwuatu et al. supplementation. (1983) ; however, levels of Na that optimize BW and The r elationship between dietary sodium and bone FCR appear to be adequate for bone development as development has been noted by several authors with well. highly variable results. Slinger et al. (1950) reported that
In a previous study from our laboratory, Goodgame et al. there was a sparing relationship between phosphorus (2011) reported that Na levels had a significant effect on and salt in broiler diets; there was an antagonism excretion of Ca and P by broilers, but did not appear to between Ca at high levels and salt. Saad and Jalaludin follow a consistent pattern. There was no effect o f (1972) saw no significant interaction between Ca:P phytase level of the diet on the overall sodium ratios and levels of NaCl. Sharma and Malik (1986) requirements for BW and FCR, in agreement with the found depressed calcium and phosphorus deposition in present study. 1.0% NaCl). Jemison and Dilworth (1981) found that increasing sodium appeared to decrease the requirement for calcium and available P for weight gain; however bone breaking strength were significantly reduced. Egwuatu et al. (1983) reported that increasing the sodium in the diet of turkey poults from deficient to adequate levels resulted in significant improvements in bone ash, bone breaking strength, tibia weight and reduced abnormal tibia scores in young turkey poults. In a study with growing-finishing swine, Kornegay et al. (1991) found that when metacarpals and metatarsals taken from barrows at slaughter were examined on a weight-corrected basis, Na intake and P source did not consistently influence bone dimensional and strength characteristics.
with adverse effects of high levels of Na on Ca and
